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In this work we study the interactions of bottom mesons which lead to Υ production and ab-
sorption in hot hadronic matter. We use effective Lagrangians to calculate the Υ production cross
section in processes such as B¯(∗) + B(∗) → Υ + (pi, ρ) and also the Υ absorption cross section in
the corresponding inverse processes. We update and extend previous calculations by Lin and Ko,
introducing anomalous interactions. The obtained cross sections are used as input to solve the rate
equation which allows us to follow the time evolution of the Υ multiplicity. In contrast to previous
conjectures, our results suggest that the interactions in the hadron gas phase strongly reduce the Υ
abundance.
I. INTRODUCTION
One of the most interesting predictions of QCD is that
strongly interacting matter undergoes a phase transition
to a deconfined state at sufficiently high temperatures.
The medium composed of quarks and gluons in this de-
confined state is referred to as the quark-gluon plasma
(QGP) and it has been observed in heavy ion collisions
at RHIC [1] and at LHC [2].
Heavy quark bound states are believed to be reliable
probes of the quark gluon plasma. In the QGP, once the
heavy quarkonium states are formed they are expected
to unbind due to the strong interactions with partons in
the medium through a QCD Debye screening mechanism
[3, 4]. Above a certain temperature, the more weakly
bound states, such as Υ(3S), are expected to unbind
more completely compared to the more strongly bound
states, e.g. Υ(1S). At even higher temperatures, more of
the weakly bound states are expected to dissolve. In the
experiment, this sequential unbinding (also referred to as
melting) of quarkonium states is expected to be observed
as a sequential suppression of their yields. The suppres-
sion of heavy quarkonium states was accordingly pro-
posed as the smoking-gun signature of the phase transi-
tion, and its sequential pattern as a probe of the medium
temperature [5].
In the early days most of the attention was devoted to
the suppression of charmonium states in collider exper-
iments at SPS and RHIC. However, even after decades
of intense efforts, the experimental observations are not
yet completely understood. The suppression of ψ(1S)
does not increase from SPS to RHIC, or from RHIC
to LHC, even though in each change of accelerator the
center-of-mass energy is increased by one order of mag-
nitude. The most accepted explanation for this “unsup-
pression” is that heavy quarks, evolving independently in
the QGP, recombine forming bound states. This process
is called recombination or regeneration [5, 6]. It is sup-
posed to take place in the hot plasma and hence to affect
mostly the charmonium states produced with transverse
momenta typical of the quark-gluon fluid. Indeed, the
relative (compared to the scaled pp baseline) reduction
of the J/ψ multiplicity measured in AA collisions at low
pT is significantly smaller at LHC energies than at RHIC
energies. This is consistent with the regeneration mech-
anism since the larger charm production cross section
at LHC enhances the probability of recombination. The
situation changes at high pT , where the suppression rises
as the collision energy increases, revealing that the J/ψ
yield is less sensitive to recombination [7–9].
While charmonium states have been extensively stud-
ied as QGP probes, bottomonium states were not ex-
plored so much, even though the bb¯ family of states
provides experimentally more robust and theoretically
cleaner probes. Moreover, bottomonium states are re-
garded as better probes because recombination effects are
believed to be much less significant than in the charmo-
nium case. Although the recombination effect is expected
to increase for bottomonia from RHIC to LHC energies,
it is predicted to remain small [10–15].
From the experimental side, the CMS detector has
excellent capabilities for muon detection and provides
measurements of the Υ family which enable the accu-
rate analysis of bottomonium [16] production. For this
reason, the main interest may be shifted to the suppres-
sion of bottomonium states at LHC energies. The first
indication of Υ suppression in heavy ion collisions was re-
ported by CMS in 2011 [17]. Later it was also observed
by the STAR Collaboration at RHIC [18]. The Υ(2S)
and Υ(3S) resonances in PbPb collisions were seen to
be more strongly suppressed than the Υ(1S) (compared
with the pp result), showing the expected sequential sup-
pression pattern [16].
2The most recent data on prompt J/ψ [19] and Υ [16,
20–22] suppression in the most central Pb Pb collisions
at small rapidities and small pT , show that:
RAA(J/ψ) ≃ 0.28± 0.03 (1)
and
RAA(Υ(1S)) ≃ 0.38± 0.05 (2)
These factors are very weakly dependent on the collision
energy
√
sNN . Although they are close to each other,
they may be the result of a quite different dynamics.
After the QGP cooling and hadronization there is a
hadron gas (HG) phase. Apart from being a reasonable
assumption, the existence of this phase seems to be neces-
sary to correctly reproduce [23] the multiplicities of K∗
and ρ measured by the ALICE Collaboration [24–26].
Heavy quarkonium is produced at the beginning of the
heavy ion collision. Then it may be destroyed and re-
generated both in the quark gluon plasma and in the
subsequent hadron gas. The observed Υ suppression has
been explained mostly with models which take into ac-
count only what happens during the QGP phase. In this
work we address the contribution of the hadron gas phase
to the Υ production and absorption.
In the literature, there is a large number of works
on quarkonium interactions with light mesons in a hot
hadron gas using different approaches (for a short and
recent compilation of references on charmonium inter-
actions, see [27]). Many of these works investigate the
J/ψ-light meson reactions based on effective hadron La-
grangians [27–30]. After a long series of works, different
groups found a similar value of the J/ψ−π cross section,
which is close to the value obtained with QCD sum rules
[31]. In [27], we have used all the known charmonium-
light hadron absorption cross sections (together with the
inverse interactions in which charmonium is produced) as
input to solve the rate equation which governs the time
evolution of J/ψ abundance in a hadron gas. The effec-
tive Lagrangian approach will be employed also to the
bottomonium in the next sections.
In contrast to the J/ψ case, the number of studies
about the Υ interactions with light hadrons is much
smaller. In fact, to the best of our knowledge, the pa-
per by Lin and Ko, Ref. [32], is the only one to give an
estimate of the cross sections for scattering of Υ by pi-
ons and ρ mesons in a hot hadron gas. In that work the
authors used a hadronic Lagrangian based on the SU(5)
flavor symmetry. Including form factors with a cutoff pa-
rameter of 1 or 2 GeV at the interaction vertices, they
found that the values of σpiΥ and σρΥ are about 8 mb and
1 mb, respectively. However, due to the large kinematic
threshold, their thermal averages at a temperature of 150
MeV are both only about 0.2 mb. They then conclude
speculating that the absorption of directly produced Υ
by comoving hadrons is unlikely to be important.
In view of the recent theoretical and experimental
progress on Υ physics, we believe that it is time to up-
date and extend the calculation of Ref. [32]. In the
present work we will contribute to this subject extend-
ing the analysis performed in Ref. [27] to the bottomo-
nia sector: we investigate the interactions of Υ with the
surrounding hadronic medium composed of the lightest
pseudoscalar meson (π) and the lightest vector meson
(ρ). We calculate the cross sections for processes such as
B¯(∗) + B(∗) → Υ + (π, ρ) scattering and their inverses,
within the effective hadron Lagrangian framework. We
improve the previous calculation introducing anomalous
interactions. The obtained cross sections are used as in-
put to solve the rate equation which allows us to follow
the time evolution of the Υ multiplicity.
The importance of the anomalous vertices has been
earlier mentioned in different contexts. For example, in
Ref. [29] the J/ψ absorption cross sections by pions and
ρ mesons were evaluated for several processes producing
D and D∗ mesons in the final state. The authors found
that the J/ψπ → D∗D¯ cross section obtained with the
exchange of a D∗ meson in the t-channel, which involves
the anomalous D∗D∗π coupling, was around 80 times
bigger than the one obtained with a D meson exchange
in the t-channel. In Ref. [33] the authors studied the
radiative decay modes of the f0(980) and a0(980) reso-
nances, finding that the diagrams involving anomalous
couplings were quite important for most of the decays.
More recently, in Refs. [34, 35] it was shown that the
inclusion of anomalous interactions produces significant
changes in the X(3872)π cross section.
This work is organized as follows. In Section II we
present an overview of the effective Lagrangian formalism
and calculate the cross section for Υ production and ab-
sorption. The results obtained for the thermally averaged
cross sections are exhibited and discussed in Section III.
After that, Section IV is dedicated to the analysis of Υ
abundance in heavy ion collisions. Finally, in Section V
we summarize the results and conclusions.
II. INTERACTIONS BETWEEN Υ AND LIGHT
MESONS
A. Effective Lagrangian Formalism
In the present study the reactions involving the Υ pro-
duction and absorption will be analyzed in the effective
field theory approach. Accordingly, we follow Refs. [27–
29] and employ the couplings between light- and heavy-
meson fields within the framework of an SU(4) effective
formalism, in which the vector mesons are identified as
the gauge bosons, and the interaction Lagrangians are
given by
LPPV = −igPPV 〈V µ[P, ∂µP ]〉,
LV V V = igV V V 〈∂µVν [V µ, V ν ]〉,
LPPV V = gPPV V 〈PV µ[Vµ, P ]〉,
LV V V V = gV V V V 〈V µV ν [Vµ, Vν ]〉, (3)
3where the indices PPV and V V V , PPV V and V V V V
denote the type of vertex incorporating pseudoscalar (P )
and vector (V ) meson fields in the couplings [28, 29]
and gPPV , gV V V , gPPV V and gV V V V are the respec-
tive coupling constants. The symbol 〈. . .〉 stands for the
trace over SU(4)-matrices. Vµ represents a SU(4) ma-
trix, which is parametrized by 16 vector-meson fields in-
cluding the 15-plet and singlet of SU(4),
Vµ =


ω√
2
+ ρ
0
√
2
ρ+ K∗+ B¯∗0
ρ− ω√
2
− ρ0√
2
K∗0 B∗−
K∗− K¯∗0 φ B∗−s
B∗0 B∗+ B∗+s Υ


µ
; (4)
P is a matrix containing the 15-plet of the pseudoscalar
meson fields, written in the physical basis in which η, η′
mixing is taken into account,
P =


η√
3
+ η
′
√
6
+ pi
0
√
2
π+ K+ B¯0
π− η√
3
+ η
′
√
6
− pi0√
2
K0 B−
K∗− K¯∗0 − η√
3
+
√
2
3η
′ B−s
B0 B+ B+s ηb

 .
We also consider anomalous parity interactions in ad-
dition to the couplings given above. The anomalous par-
ity interactions can be described in terms of the gauged
Wess-Zumino action [29], and are written as
LPV V = −gPV V εµναβ〈∂µVν∂αVβP 〉,
LPPPV = −igPPPV εµναβ〈Vµ(∂νP )(∂αP )(∂βP )〉,
LPV V V = igPV V V εµναβ [〈VµVνVα∂βP 〉
+
1
3
〈Vµ(∂νVα)VβP 〉
]
. (5)
The gPV V , gPPPV , gPV V V are the coupling constants of
the PV V , PPPV and PV V V vertices, respectively [27–
29].
The effective Lagrangians given in Eqs. (3) and (5)
allow us to study the following ϕΥ absorption processes
(1) ϕΥ→ B¯B,
(2) ϕΥ→ B¯∗B,
(3) ϕΥ→ B¯∗B∗, (6)
where in the initial states ϕ stand for pions and ρmesons.
The process ϕΥ → B¯B∗ has the same cross section as
the process (2) in Eq. (6). In the present approach, the
diagrams considered to compute the amplitudes of the
processes above are of two types: one-meson exchange
and contact graphs. They are shown in Fig. 1 and 2 for
those with pions and ρ, respectively.
FIG. 1. Diagrams contributing to the processes: (1) piΥ→ B¯B, (2) piΥ→ B¯∗B, and (3) piΥ→ B¯∗B∗.
We define the invariant amplitudes for the processes (1)-(3) in Eq. (6) involving ϕ = π meson as
M(pi)1 =
∑
i
M(pi)µ1i ǫµ(p1),
M(pi)2 =
∑
i
M(pi)µν2i ǫµ(p1)ǫ∗ν(p3).
M(pi)3 =
∑
i
M(pi)µνλ3i ǫµ(p1)ǫ∗ν(p3)ǫ∗λ(p4), (7)
4FIG. 2. Diagrams contributing to the processes: (1) ρΥ→ B¯B, (2) ρΥ→ B¯∗B, and (3) ρΥ→ B¯∗B∗.
while for the ones involving ϕ = ρ meson we have
M(ρ)1 =
∑
i
M(ρ)µν1i ǫµ(p1)ǫν(p2),
M(ρ)2 =
∑
i
M(ρ)µνλ2i ǫµ(p1)ǫν(p2)ǫ∗λ(p3).
M(ρ)3 =
∑
i
M(ρ)µνλδ3i ǫµ(p1)ǫν(p2)ǫ∗λ(p3)ǫ∗δ(p4). (8)
In the above equations, the sum over i represents the
sum over all diagrams contributing to the respective am-
plitude; pj denotes the momentum of particle j, with
particles 1 and 2 standing for initial state mesons, and
particles 3 and 4 for final state mesons; ǫµ(pj) is the
polarization vector related to the respective vector par-
ticle j. The specific expressions of amplitudes M(pi)i and
M(ρ)i in the present case are analogous to the ones given
in Ref. [29] involving ϕJ/ψ → D(∗)D¯(∗). So, we will not
reproduce here the explicit expressions of the invariant
amplitudes. These expressions can be found in Ref. [29],
taking into account the replacement of masses and cou-
pling constants labeled with charmed mesons and J/ψ
by similar quantities labeled with bottomed mesons and
Υ, respectively.
The isospin-spin-averaged cross section for the pro-
cesses in Eq. (6) is defined in the center of mass (CM)
frame as
σ(ϕ)r (s) =
1
64π2s
|~pf |
|~pi|
∫
dΩ
∑
S,I
|M(ϕ)r (s, θ)|2, (9)
where r = 1, 2, 3 labels ϕ−Υ absorption processes accord-
ing to Eqs. (7) and (8);
√
s is the CM energy; |~pi| and |~pf |
denote the three-momenta of initial and final particles in
the CM frame, respectively; the symbol
∑
S,I represents
the sum over the spins and isospins of the particles in the
initial and final state, weighted by the isospin and spin
degeneracy factors of the two particles forming the initial
TABLE I. Values of coupling constants [29, 32].
Coupling constant Value
gB∗Bpi 24.9
gΥBB 13.3
gΥB∗B∗ 13.3
gBBρ 2.52
gB∗B∗ρ 2.52
gΥB∗Bpi 165.6
gΥBBρ 67.03
gΥB∗B∗ρ 33.5
gB∗B∗pi 9.39 GeV
−1
gΥB∗B 2.51 GeV
−1
gB∗Bρ 1.84 GeV
−1
gΥBBpi 44.8 GeV
−3
gΥB∗B∗pi 31.25 GeV
−1
hΥB∗B∗pi 31.25 GeV
−1
gΥB∗Bρ 6.33 GeV
−1
hΥB∗Bρ 6.33 GeV
−1
state for the reaction r, i.e.
∑
S,I
|Mr|2 = 1
g1g2
∑
S,I
|Mr|2, (10)
with g1 = (2I1i,r+1)(2S1i,r+1), g2 = (2I2i,r+1)(2S2i,r+
1) being the degeneracy factors of the initial particles 1
and 2.
We have employed in the computations of the present
work the isospin-averaged masses: mpi = 137.3 MeV,
mρ = 775.2 MeV, mB = 5279.4 MeV, mB∗ = 5324.7
MeV, mΥ = 9460.3 MeV. The values of coupling con-
stants appearing in the expressions of the amplitudes
M(pi) and M(ρ) are given in Table I [29, 32].
We have also included form factors in the vertices when
5evaluating the cross sections, defined as [36–38]:
F3 =
(
nΛ4
nΛ4 + (p2 −m2ex)2
)n
,
F4 =
(
nΛ4
nΛ4 + [(p1 + p2)2 − (m3 +m4)2]
)n
, (11)
where F3 and F4 are the form factor for the three-
point and four-point vertices, respectively; p is the fou-
momentum of the exchanged particle of mass mex for a
vertex involving a t- or u-channel meson exchange; m3
and m4 are the final state meson masses. The cutoff
Λ and n parameters are chosen to be Λ = 5.0 GeV and
n→∞ for all vertices, which gives Gaussian form factors
with witdh 25.0 GeV2 .
B. Υ production and absorption cross sections
On the top panel of Fig. 3 the πΥ absorption cross
sections for the πΥ→ B¯B, B¯∗B and B¯∗B∗ reactions are
plotted as a function of the CM energy
√
s. We see that
the cross sections can be considered to be approximately
of the same order of magnitude in the range 10.6 GeV
≤ √s ≤ 11.8 GeV, differing by about a factor 1.5-3. The
magnitude of the reaction πΥ → B¯∗B is in agreement
with previous calculations reported in Ref. [32], which is
based in SU(5) symmetry, using different form factors,
cutoffs and coupling constants and without anomalous
terms. The authors of Ref. [32] did not include some of
the processes with final states B¯B and B¯∗B∗.
The cross sections of the processes ρΥ → B¯B, B¯∗B
and B¯∗B∗ are plotted as a function of
√
s on the bot-
tom panel of Fig. 3. In this case the cross section for
ρΥ → B¯∗B∗ is larger than the others by about one or-
der of magnitude. As expected, the ρ−Υ reactions have
smaller cross sections than those initiated by pions. The
findings above are also in relative agreement with the
previous calculations reported in Ref. [32], although only
the processes which end with B¯B and B¯∗B∗ have been
considered in [32]. Again, we believe that the differences
are due to different choices in the form factors and cutoff
values, and the absence of anomalous parity interactions.
For completeness, we now calculate the cross sections
of the inverse processes, which can be obtained from the
direct processes through the use of detailed balance (see
for example Eq. (48) of the last article of Ref. [28]). In
the top (bottom) panel of Fig. 4 the π(ρ)Υ production
cross sections for the B¯B → π(ρ)Υ, B¯B∗ → π(ρ)Υ and
B¯∗B∗ → π(ρ)Υ reactions are plotted as a function of the
CM energy
√
s.
From these Figures we can see that: i) processes which
start or end with πΥ have larger cross sections. ii) Ex-
cluding the low energy region (which will be much less
relevant for phenomenology), the Υ production and ab-
sorption cross sections are close to each other in almost
all channels. Therefore, taking into account that the Υ
absorption and production cross sections have compara-
ble magnitudes, the computation of thermally averaged
FIG. 3. Υ absorption cross sections in different processes as
a function of the CM energy
√
s. Top panel: piΥ in the initial
state. Bottom panel: ρΥ in the initial state. Solid, dashed
and dotted lines represent the pi(ρ)Υ → B¯B, pi(ρ)Υ → B¯∗B
and pi(ρ)Υ→ B¯∗B∗ reactions, respectively.
cross sections is an essential step to determine the final
abundance of Υ’s. This will be done in next Section.
6FIG. 4. Υ production cross sections in different processes as
a function of the CM energy
√
s. Top panel: piΥ in the final
state. Bottom panel: ρΥ in the final state. Solid, dashed and
dotted lines represent the B¯B → pi(ρ)Υ, B¯∗B → pi(ρ)Υ and
B¯∗B∗ → pi(ρ)Υ reactions, respectively.
III. THERMALLY AVERAGED CROSS
SECTIONS
The thermally averaged cross section for a given pro-
cess ab→ cd is defined as [34, 39–41]
〈σab→cdvab〉 = d
3
pad
3
pbfa(pa)fb(pb)σab→cd vab
d3pad3pbfa(pa)fb(pb)
=
1
4α2aK2(αa)α
2
bK2(αb)
×
∫ ∞
z0
dzK1(z) σ(s = z
2T 2)
× [z2 − (αa + αb)2] [z2 − (αa − αb)2] ,
(12)
where vab represents the relative velocity of initial two
interacting particles a and b; the function fi(pi) is
the Bose-Einstein distribution (of particles of species
i), which depends on the temperature T ; αi = mi/T ,
z0 = max(αa + αb, αc + αd), and K1 and K2 the modi-
fied Bessel functions of second kind.
In Fig. 5 we plot the thermally averaged cross sections
for πΥ absorption (upper panel) and production (lower
panel) via the processes discussed in previous section. We
can see that reactions which start or end with B¯B have
greater magnitudes. But the main point here is that the
production reactions have larger cross sections than the
absorption ones.
In Fig. 6 we plot the thermally averaged cross sections
for the ρΥ absorption and production. As before, in gen-
eral the production reactions have larger cross sections
than the corresponding inverse reactions. The absorption
and production reactions which start or end with B¯∗B
and B¯∗B∗ are comparable at high temperatures, while
the production from the B¯B initial state is stronger than
the absorption with the B¯B final state.
IV. TIME EVOLUTION OF THE J/ψ
ABUNDANCE
The present study will be completed by addressing the
time evolution of the Υ abundance in hadronic matter,
using the thermally averaged cross sections estimated in
the previous section. We shall make use of the evolu-
tion equation for the abundances of particles included
in processes discussed above. The momentum-integrated
evolution equation has the form [34, 40–45]:
7FIG. 5. Thermally averaged cross sections for piΥ absorption
and production as a function of the temperature. Top panel:
piΥ in the initial state. Bottom panel: piΥ in the final state.
Solid, dashed and dotted lines represent the reactions with
B¯B, B¯∗B and B¯∗B∗, respectively, in final or initial state.
dNΥ(τ)
dτ
=
∑
ϕ=pi,ρ
[〈σB¯B→ϕΥvB¯B〉nB¯(τ)NB(τ)
−〈σϕΥ→B¯BvϕΥ〉nϕ(τ)NΥ(τ)
+〈σB¯∗B∗→ϕΥvB¯∗B∗〉nB¯∗(τ)NB∗(τ)
−〈σϕΥ→B¯∗B∗vϕΥ〉nϕ(τ)NΥ(τ)
+〈σB¯∗B→ϕΥvB¯∗B〉nB¯∗(τ)NB(τ)
−〈σϕΥ→B¯∗BvϕΥ〉nϕ(τ)NΥ(τ)
+〈σB¯B∗→ϕΥvB¯B∗〉nB¯(τ)NB∗(τ)
−〈σϕΥ→B¯B∗vϕΥ〉nϕ(τ)NΥ(τ)
]
, (13)
FIG. 6. Thermally averaged cross sections for ρΥ absorption
and production as a function of the temperature. Top panel:
ρΥ in the initial state. Bottom panel: ρΥ in the final state.
Solid, dashed and dotted lines represent the reactions with
B¯B, B¯∗B and B¯∗B∗, respectively, in final or initial state.
where ni(τ) are Ni(τ) denote the density and the abun-
dances of π, ρ and bottom mesons in hadronic matter at
proper time τ . From Eq. (13) we notice that the Υ abun-
dance at a proper time τ depends on the ϕΥ dissociation
rate as well as on the ϕΥ production rate. We will as-
sume that π, ρ,B and B∗ are in equilibrium. Therefore
the density ni(τ) can be written as [34, 40–43]
ni(τ) ≈ 1
2π2
γigim
2
iT (τ)K2
(
mi
T (τ)
)
, (14)
where γi and gi are the fugacity factor and the degen-
eracy factor of the relevant particle, respectively. The
multiplicity Ni(τ) is obtained by multiplying the density
8ni(τ) by the volume V (τ). The time dependence is intro-
duced through the temperature, T (τ), and volume, V (τ),
profiles, appropriate to model the dynamics of relativis-
tic heavy ion collisions after the end of the quark-gluon
plasma phase. The hydrodynamical expansion and cool-
ing of the hadron gas are described as in Refs. [34, 40–45],
which are based on the boost invariant Bjorken picture
with an accelerated transverse expansion:
T (τ) = TC − (TH − TF )
(
τ − τH
τF − τH
) 4
5
,
V (τ) = π
[
RC + vC (τ − τC) + aC
2
(τ − τC)2
]2
τ c,
(15)
where RC and τC denote the final transverse and longi-
tudinal sizes of the quark-gluon plasma; vC and aC are
its transverse flow velocity and transverse acceleration
at τC ; TC = 175 MeV is the critical temperature for
the quark-gluon plasma to hadronic matter transition;
TH = TC = 175 MeV is the temperature of the hadronic
matter at the end of the mixed phase, occurring at the
time τH ; and the freeze-out temperature, TF = 125 MeV,
leads to a freeze-out time τF .
In the present approach we assume that the total num-
ber of bottom quarks in bottom hadrons is conserved
during the processes. This number can be calculated
with perturbative QCD and yields the bottom quark fu-
gacity factor γb in Eq. (14) [34, 40–43]. The total num-
ber of pions and ρ mesons at freeze-out was taken from
Refs. [34, 44, 45].
The evolution of Υ multiplicity is analyzed in two sce-
narios: with the hadron gas formed in central Au − Au
collisions at
√
sNN = 200 GeV at RHIC and central
Pb−Pb collisions at √sNN = 5 TeV at the LHC. The pa-
rameters which we need as input in Eqs. (15) are listed in
Ref. [42], and are reproduced in Table II for convenience.
Notice that the estimate of the Υ yield at the end of the
mixed phase, given in the last column of Table II, is done
in the context of the statistical model, in which hadrons
are in thermal and chemical equilibrium when they are
produced. Therefore, at RHIC the Υ multiplicity at τH
is
NΥ ≈ 1
2π2
γ2b gΥm
2
ΥTHK2
(
mΥ
TH
)
V (τH)
≈ 1.705× 106. (16)
A similar calculation for the case of LHC gives NΥ ≈
0.00106.
TABLE II. Parameters used in the parametrization of the hydrodynamical expansion, given by Eqs. (15).
√
sNN (TeV) vC (c) aC (c
2/fm) RC (fm) τC (fm/c) τH (fm/c) τF (fm/c) γb NΥ
RHIC 0.2 0.4 0.02 8 5 7.5 17.3 2.2× 106 1.705 × 106
LHC 5 0.6 0.044 13.11 5 7.5 20.7 3.3× 107 0.00106
The time evolution of the Υ abundance is plotted in
Fig. 7 as a function of the proper time, for the two types
of collisions discussed above: at RHIC (on the upper
panel) and at the LHC (on the lower panel).
The behavior of the Υ multiplicity observed in Fig. 7
is not difficult to understand. Due to the assumption
that the hadronic stage at LHC is longer compared to
that at RHIC, more bottomonium states are lost in the
hadronic medium at LHC. Also, it can be noticed, from
Eq. (13), that the evolution of the Υ multiplicity depends
on the production and absorption cross sections and also
on the abundances of the other mesons. Although the
production cross sections are greater than the absorp-
tion ones, which would enhance the Υ yield, the relative
meson multiplicities lead to its reduction, since there are
much more light mesons (especially pions) in the hadron
gas to collide and destroy the bottomonium states than
B(∗)’s and B¯(∗)’s to interact and create them. Besides,
from the solid and dotted lines in Fig. 7 we can infer
that the role of the ρ mesons in the gas is not relevant
when compared to that of the pions. This comes from a
cancellation between the terms associated to the produc-
tion and absorption reactions: the different magnitudes
of production and absorption processes are compensated
by the relative multiplicities.
The results shown in Fig. 7 suggest a decrease of the
Υ yield of almost ≃ 66 % at RHIC and ≃ 70 % at the
LHC. These numbers are compatible with (2). Taken lit-
erally, they would suggest that all the suppression comes
from the hadron gas phase. However we are not yet in
the position of sustaining this strong statement. Before
that, there is a number of points to be discussed. First
the interactions in the reactions are naturally dependent
on the effective formalism considered, which determines
the magnitudes of the cross sections. A change in the
magnitude of the production reactions will modify those
of the absorption in the same proportion. This will lead
to an overall multiplicative factor in the right hand side
9of rate equation, Eq. (13), modifying the curves in Fig. 7.
Besides, our results are strongly dependent on the form
factors and cutoff values: different choices would mod-
ify the slope of the curves in Fig. 7. Furthermore, the
relevance of the parametrization of the hydrodynamical
expansion exhibited in Eq. (15) can not be underesti-
mated. Different parameters can make the system cool
faster or slower and accordingly change the multiplicities
of the distinct particles.
Notwithstanding the points raised above, we stress the
main result of this work: a reduction of the number of
Υ’s in the hadron gas, which seems to be larger than in
the case of J/ψ reported in Ref. [27]. Before closing this
section, we show in Fig. 8 a comparison between the Υ
and J/ψ multiplicities as a function of the proper time.
The latter one was already published in [27]. For the
sake of comparison we have rescaled them to the unity
at the initial time. The J/ψ suppression is only of ≃ 25
%, whereas it is of ≃ 70 % in the case of the Υ.
V. CONCLUDING REMARKS
In this work we have analyzed the hadronic effects on
the Υ abundance in heavy ion collisions. Effective La-
grangians have been used to calculate the cross sections
for the Υ-production processes B¯(∗)+B(∗) → Υ+(π, ρ),
and also for the corresponding inverse processes asso-
ciated to the Υ absorption. We have also computed
the thermally averaged cross sections for the dissociation
and production reactions. Finally, we have employed the
thermally averaged cross sections as inputs in the rate
equation and have determined the time evolution of the
Υ abundance in a hadron gas.
Examining the existing literature on cross section cal-
culations, the present work has introduced the following
improvements: inclusion of reactions which start or end
with B¯B and B¯∗B∗ in the case of the pion-Υ scatter-
ing, and B¯∗B in that involving ρ meson; inclusion of the
anomalous parity interactions processes in the effective
Lagrangian approach.
Our results suggest that the interactions between Υ
and light mesons reduce the Υ abundance at the end of
the quark gluon plasma phase by ≃ 70 %, which is more
than in the case of the J/ψ reported in Ref. [27].
In conclusion, despite the fact that there are points to
be improved to obtain a more realist description of the
HIC phenomenology, we believe that our findings are im-
portant for the physics of both the quark gluon plasma
and hadronic phases. Our result should encourage fur-
ther studies of the Υ suppression in the hadron gas phase
of relativistic heavy ion collisions.
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